Aims: To describe in a real-world setting the achievement of physician-selected individualized HbA1c targets in individuals with type 2 diabetes, newly or recently initiated with basal insulin, and the association of hypoglycaemia with target achievement.
(BI). [8] [9] [10] [11] For example, in two international real-world studies, only 27% to 33% of individuals with T2DM achieved HbA1c less than 7.0% (<53 mmol/mol) after initiating BI therapy. 10, 11 Furthermore, failure to achieve HbA1c targets in the short term may be associated with suboptimal long-term blood glucose (BG) control, as illustrated by a recent retrospective analysis of medical records from Europe and the USA, in which those who did not achieve HbA1c less than 7.0%
(<53 mmol/mol) at 3 months were less likely to achieve this target at 24 months. 10 Recent international treatment guidelines advocate setting individualized HbA1c targets that take account of the individual's characteristics, duration of diabetes, co-morbidities, life expectancy and risk of hypoglycaemia. [12] [13] [14] [15] Furthermore, therapy intensification is recommended if individualized targets are not reached after 3 months. 5 In the case of insulin-treated individuals with T2DM, suboptimal glycaemic control may be due, in part, to ineffective treatment prescription, therapeutic inertia, non-adherence, omission and/or dose reduction in the setting of hypoglycaemia, or fear of hypoglycaemia. [16] [17] [18] [19] [20] For example, concerning individuals with T2DM who had received stable doses of metformin and sulfonylureas for at least 6 months, those who experienced moderate or severe hypoglycaemia reported poorer adherence to medication (46% vs 67%; P < 0.01) and were more likely to perceive side effects as a barrier to treatment (36% vs 14%; P < 0.001) than those who did not experience hypoglycaemia or experienced only mild hypoglycaemia. 21 However, it is less clear whether poor adherence to treatment as the result of hypoglycaemia impacts attainment of HbA1c targets. An inverse relationship appears to exist between rates of hypoglycaemia and HbA1c in T2DM, as reported in a meta-regression analysis of 11 randomized controlled trials involving insulin-treated participants, 22 and a study in individuals treated with sulfonylureas. 23 Walz et al reported that, despite poorer adherence, patients who experienced moderate or severe symptoms of hypoglycaemia achieved lower mean HbA1c values than patients without or with only mild symptoms (7.0% vs 7.3% [53 vs 56 mmol/mol]; P < 0.05). 21 Data concerning the extent to which patients are set and achieve 
| MATERIALS AND METHODS

| Study design and participants
The DUNE study was a 12-week, single-arm, observational study with prospective follow-up at week 12 (±2 weeks). The study aimed to enroll 4000 participants with T2DM ≥18 years of age who had newly initiated treatment with BI, human or analog, at the time of enroll- 
| HbA1c targets
At baseline, an individualized long-term HbA1c target was set for each participant by their physician. In the case of those for whom an individualized target was not set, a general HbA1c target less than 7.0%
[<53 mmol/mol] was defined, based on current guidelines 5 ( Table 1) .
A separate 12-week objective was set by physicians, based on the HbA1c level they anticipated patients would be able to reach by week 12; however, the results of this objective are not the focus of this report.
| Defining participants at low or high risk of hypoglycaemia complications
Independent of any evaluation by their physicians, participants were retrospectively categorized as being at low risk or high risk of complications from a hypoglycaemic event (Table 1) .
| Objectives and endpoints
The study had two primary objectives: first, to describe the proportion of participants who achieved their individualized (long-term) HbA1c 
| Data analysis and statistics
The sample size was determined to ensure sufficient precision for evaluating the percentage of participants at HbA1c target (<7.0%
[<53 mmol/mol]), assuming 27% of participants would achieve that target at 12 weeks, as reported in real-world observational studies. 8 The inclusion of 4000 patients allowed this percentage to be estimated with a precision of at least 1.5%, assuming that 15% of participants would be non-evaluable. This sample size also enabled detection of an odds ratio of at least 1.3 for the relationship between were determined by physicians. These proportions were similar in both newly and previously initiated groups.
| Baseline characteristics
There were no major clinical differences between newly and previously initiated participants in terms of age, weight, BMI, concomitant diabetes medications (other than BI), presence of at least one microvascular complication, diabetic neuropathy, diabetes-related functional impairment or estimated glomerular filtration rate (eGFR) ( Table 2 ). The proportion of newly and previously initiated participants with a duration of diabetes longer than 10 years was 39% and 46%, respectively. Participants at high risk of complications from a hypoglycaemic event comprised more than 60% of the newly and previously initiated groups (Supporting Information Table S1 ).
| Individualized HbA1c target
Overall, individualized HbA1c targets were set by the investigators for 99.7% of participants, with no major differences between targets set for newly and previously initiated participants (Table 3) . Individualized
HbA1c targets of 7.0% to less than 7.5% (<53-<58 mmol/mol) were set for the majority of participants in both groups ( Table 3 ). The major reasons underlying physicians' decisions to set less stringent individualized HbA1c targets were participant age, patient acceptance of the treatment constraints required to meet the HbA1c target (such as SMBG, insulin dose adjustment and lifestyle changes) and the existence of comorbidities. (95%) and previously initiated (89%) participants were using oncedaily BI dosing; 5% and 11% of participants were using at least twicedaily dosing, respectively. The median (SD) target for fasting SMPG set by physicians, according to local practice, was 118 (15) mg/dL (7 [0.9] mmol/L). In participants for whom titration data were available (n = 3090), titration was predominantly performed every 1 to 3 days (41%) or weekly (34%). In the remaining participants, titration frequency was less than once a week. Eleven (0.6%) in the newly initiated group and 15 (1.1%) in the previously initiated group discontinued insulin use during the study because of insufficient control (0.8% overall), hypoglycaemia (0.2%), lack of adherence (0.2%), other adverse drug reactions (0.03%) or other reasons (0.4%). By week 12, the daily insulin dose increased by an average of 0.08 U/kg in both newly and previously initiated participants (Supporting Information Table S2 ). There was a modest increase in weight over the 12 weeks in both groups (Supporting Information Table S2 ).
| Insulin treatment and weight
| Achievement of HbA1c target at 12 weeks
At week 12, HbA1c had reduced from baseline by 1.4% (15 mmol/-mol) in newly initiated participants, and by 0.8% (8.7 mmol/mol) in previously initiated participants (Supporting Information Table S3 ). 10 (7) 11 (7) 10 (7) <1 y, % (29) 85 (27) 84 (29) Abbreviations: DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide 1; SD, standard deviation; SGLT, sodium-glucose co-transporter. The 12-week objective was the HbA1c level that physicians anticipated their patients would be able to reach by week 12, and may have differed from the individualized target described in the main text.
Overall, 27% of patients achieved their individualized HbA1c target, which was most commonly between 7.0% and less than 7.5% (<53-<58 mmol/mol) ( Table 3) . Fewer participants achieved individualized targets without experiencing hypoglycaemia (Table 3 ). Similar proportions in the self-titrated and physician-titrated groups achieved their individualized HbA1c target (Supporting Information Table S4 ).
Participants at high risk of complications following hypoglycaemia were significantly more likely (P < 0.0001) to have higher HbA1c targets set by their physicians, compared with those at low risk (Supporting Information Table S5 ). The overall proportion of low-risk participants who achieved HbA1c less than 7.0% (<53 mmol/mol) was lower than the proportion of high-risk participants who achieved HbA1c less than 8.0% (<64 mmol/mol) ( Table 3 ). The majority of participants with an individualized HbA1c target less than 7.0% (<53 mmol/mol) did not achieve the target, irrespective of risk status.
In contrast, most participants with an individualized HbA1c target less than 8.0% (<64 mmol/mol) did achieve this target (Supporting Information Table S5 ).
| Self-reported hypoglycaemia
Symptomatic hypoglycaemia within the last month prior to study entry was reported by 4% and 12% of newly and previously initiated participants, respectively. Severe hypoglycaemia within the last 6 months prior to study entry was reported in 2% and 5% of newly and previously initiated participants, respectively. During the 12-week study period, symptomatic hypoglycaemia was reported in 14% and 18% of newly and previously initiated participants, respectively (Table 4) , corresponding to a rate of 1.5 and 2.2 events per participant per year, respectively. The incidence of severe hypoglycaemia during the study period was very low in both newly and previously initiated participants.
| HbA1c target achievement at 12 weeksmultivariate model
Participants who did not experience a symptomatic hypoglycaemic event were significantly less likely to achieve their HbA1c target than those who had experienced an event (P < 0.001) ( Table 5 ). Factors that were significantly associated with target achievement in this model included higher individualized HbA1c target set by physicians at study entry (P < 0.001) and use of long-acting BI analog vs human intermediateacting insulin (P < 0.05) (Supporting Information Table S6 ). By comparison, factors negatively associated with target achievement included longer duration of diabetes (P < 0.001) and higher HbA1c at study entry (P < 0.001) (Supporting Information Table S6 ). The frequency of symptomatic hypoglycaemia was also significantly associated with target achievement. Compared with participants who did not experience any events, those who experienced one, two to four or more than four events were significantly more likely (P < 0.05) to achieve target HbA1c (Table 5) . Proportion of patients in target range: 1%, <6.5% (<48 mmol/mol); 18%, 6.5% to <7.0% (48-<53 mmol/mol); 57%, 7.0% to <7.5% (53-<58 mmol/-mol); 17%, 7.5% to <8.0% (58-<64 mmol/mol); 7%, ≥8.0% (≥64 mmol/mol). Modeling was adjusted for region, age, duration of diabetes, baseline HbA1c , use of sulfonylureas and/or metiglinides at study entry, and use of GLP-1 receptor agonists at study entry.
c
Reference P values reflect the global association between the hypoglycaemia factor and HbA1c target achievement; all other P values are compared to the reference.
| Predictive factors for treatment failuremultivariate model
Multivariate analysis was conducted to identify factors predictive of treatment failure, defined as failure to achieve individualized and gen- 
| DISCUSSION
The DUNE study was an observational, multinational, prospective real-life study that assessed the achievement of HbA1c targets set by physicians based on individual patient characteristics. The study further explored the relationship between the occurrence of hypoglycaemia and achievement of individualized HbA1c targets. Based on prespecified criteria, over 60% of DUNE participants were deemed at "high risk" of complications from hypoglycaemia because of their age (>65 years), health status (vascular complications or co-morbidities) or occupation (commercial/truck driver).
While there were substantial reductions in HbA1c during the 12-week study in both newly and previously initiated patients, most participants failed to achieve their individualized HbA1c target, set at <7.5% (<58.5 mmol/mol) for 76% of patients. This may be related, in part, to insufficient insulin dose titration during the 12 weeks of treatment, as indicated by the 9 U and 5 U dose increases reported in the newly or previously initiated groups, respectively; such absence of intensive titration (titration inertia) has been reported previously in real-world clinical practice. 25 Notably, 63% of participants in this study were reportedly self-titrating their insulin, whereas, in wider clinical practice settings, it is likely that titration is largely determined by physicians. 26 Overall, however, no major difference in individualized HbA1c target achievement was observed between participantdriven or physician-driven titration, in either newly or previously initiated participants. While only 27% of participants achieved their individual HbA1c target by week 12, this is consistent with observations from other real-world studies. 8, 25 By comparison, in treat-to-target trials with defined titration algorithms, close follow-up and careful monitoring, the proportion of participants achieving HbA1c targets of less than 7.0% (<53 mmol/mol) with BIs has been reported to be as much as 40% to 50%. [27] [28] [29] Importantly, mean daily insulin doses at the end of these treat-to-target studies reached between approximately 40 and 100 U/d, [27] [28] [29] considerably higher than those reached in this study.
It has been suggested that the experience of hypoglycaemia may result in increased fear of future hypoglycaemic events and, consequently, a worsening in glycaemic control as the result of changes in adherence to medication. 19, 30 However, it has also been reported that, despite the fact that hypoglycaemia results in poorer adherence, participants experiencing hypoglycaemia achieved lower HbA1c levels than those who did not experience hypoglycaemia. 21 Lower baseline HbA1c has also been independently associated with HbA1c target achievement and risk of hypoglycaemia. 31 Each 1% increase in baseline HbA1c reduced the likelihood of achieving an HbA1c target by 46% and increased the risk of experiencing at least one episode of confirmed hypoglycaemia by 17%. 31 Similarly, in the DUNE study, there was a significant positive association between experiencing symptomatic hypoglycaemia and HbA1c target achievement, and between lower baseline HbA1c and 12-week HbA1c target achievement. Hypothetically, this association might be explained by the fact that participants who achieved target HbA1c were at greater risk of hypoglycaemia, given their lower average BG levels. While more intensive insulin titration can also lead to greater risk of hypoglycaemia, we observed very modest increases in insulin use in our study.
The DUNE study may have been limited by several factors.
Firstly, as mentioned earlier, a high proportion of participants reportedly self-titrated, which may not be applicable beyond the clinical practice settings represented in this real-world study. 26 Furthermore, hypoglycaemia data were collected by physicians only at week 12, based on patient diaries, which may be subject to recall bias. 32 The short observational period may also reduce the generalizability of results, and the association between hypoglycaemia and target achievement may not necessarily have persisted over a longer observational period. The 3-month study period may have been insufficient to allow participants with higher baseline HbA1c levels to reach glycaemic targets. However, a recent real-world clinical study reported that decline in HbA1c occurs, for the most part, during the first 3 months of insulin titration, with limited further decline thereafter, 10 suggesting that the HbA1c levels reached during the DUNE study would reflect longer-term levels. Additionally, the decline in HbA1c during the first 3 months may reflect the period when titration occurs most often during routine practice. 25 It is of interest that the rates of symptomatic hypoglycaemia during the study period in both newly initiated (14%) and previously initiated (18%) participants were lower than predicted (45% and 20%, respectively) based on conservative estimates from previous randomized clinical trials. 28, 33 This suggests that such randomized trials have limited applicability to real-life clinical practice. For example, in treatto-target trials, the lower HbA1c values were achieved with intensive titration. By contrast, the limited increases in insulin dose in this study may have further contributed to the observed low incidence and rates of hypoglycaemia. The low rate of hypoglycaemia in the DUNE study could have impacted the reported association between HbA1c target achievement and the occurrence, frequency and severity of hypoglycaemia.
Despite its limitations, the DUNE study benefitted from having a large global real-world population with a comprehensive, prospective collection of data concerning patient characteristics at baseline, thus providing novel insights into real-life practice, particularly in that individualized targets for most patients appear to be set by their physicians. Given that individualized targets were often set higher than the general HbA1c goal of less than 7.0% (<53 mmol/mol), this definition of glycaemic control, often used in clinical studies, 6-10 might need to be reconsidered for real-world studies. The overall profile of individualized HbA1c targets set or achieved in our study population was similar regardless of retrospective stratification of participants as being at high or low risk for hypoglycaemia complications, assessed independently from physician evaluations; therefore, the results should be translatable to other real-world scenarios.
As participants who did not experience symptomatic hypoglycaemia were less likely to achieve glucose targets, factors other than experiencing hypoglycaemia, or the fear thereof, may have contributed to the failure to achieve targets. For example, multivariate analyses showed that individuals with a longer duration of diabetes and a higher HbA1c level at study entry were significantly less likely to achieve target HbA1c levels. Although unlikely, it may also be possible that the experience of hypoglycaemia itself contributed to lower HbA1c levels, with more frequent events leading to a disproportionately lower overall average HbA1c level. Alternatively, patients who achieved lower HbA1c levels may have been at higher risk of experiencing hypoglycaemia. Further studies are required to better understand the association between hypoglycaemia and HbA1c target attainment, and to determine why so many individuals with T2DM are failing to achieve glycaemic targets in real-life settings. The observed limited increase in insulin dose suggests that there may be an opportunity for individuals with T2DM and their physicians to titrate insulin more effectively to achieve desired glycaemic goals. Alternatively, the use of newer glucose-lowering drugs with reduced risks of hypoglycaemia as compared to BI may help individuals achieve glucose targets. To this end, further research and updated treatment guidelines are required to define the most appropriate options for the intensification of glucose-lowering drugs and the optimal timing of insulin initiation and titration.
